Introduction: The last wild poliovirus (WPV) case in Africa was reported in July 2014, thus underscoring the tremendous progress towards polio
Introduction
Poliomyelitis is a highly infectious disease caused by the polioviruses (PVs) belonging to the species Enterovirus C, genus Enterovirus and family Picornaviridae [1] . Like most other Enteroviruses, PVs are transmitted by the feco-oral route. Poliomyelitis can affect individuals of any age, but primarily involves children aged less than five years. In up to 1% of those infected the virus invades the central nervous system leading to muscle weakness and irreversible paralysis (usually in the lower limbs), often progressing to breathing difficulties, and death [2, 3] . In 1988, the World Health Organization (WHO) adopted the Global Polio Eradication Initiative (GPEI), aimed at eradicating polio by the year 2000 [4] . The strategies of the GPEI (Sabin strains of serotypes 1, 2 and 3) that are able to multiply to high titers in the gastrointestinal tract, thus inducing strong mucosal immunity to PVs [5] . The major disadvantage of OPV is that vaccine strains can replicate and mutate during inter human circulation in under immunized populations, thus leading to the emergence of neurovirulent vaccine derived PVs (VDPVs) [5, 6] .
Although polio outbreaks continue to occur, the poliomyelitis incidence has drastically decreased by > 99%: from an estimated 350,000 cases in 1988 to 359 cases in 2014 [7] . The number of polio-endemic countries has also decreased from 125 countries in 1988, to only two countries in 2014 (Pakistan and Afghanistan) [7] .
AFP is defined as acute or sudden onset of weakness or paralysis of a limb characterized as flaccid (reduced tone) in a child < 15 years of age [8] . AFP surveillance consists of the detection and investigation of flaccid paralysis of new onset in children less than 15 years or any other suspected poliomyelitis case in a person of any age. It has been adopted globally as an essential strategy for monitoring the progress of the polio eradication initiative [9] .
Hence, AFP surveillance remains the "gold standard" to identify areas and populations who are at high risk, to assess polio status of a given country, to reveal the need of SIA and to certify the absence of wild PV (WPV) circulation in countries that are no longer reporting poliomyelitis cases [10] . 
Methods

Study area and design
The DRC is located in sub-Saharan Africa, bordered by Angola, the South Atlantic Ocean, the Republic of Congo, the Central African Here, a retrospective descriptive study was conducted using AFP surveillance data routinely collected from January 2008 to December 2014 by the INRB at Kinshasa. All AFP cases reported nationwide during the studied period were considered for this study. coding gene [19] .
WHO Accredited National Reference Polio Laboratory
The WHO-accredited NRPL is located at the INRB in Kinshasa, the capital city of DRC. The NRPL follows standardized procedures for i) the isolation of PV and non polio enteroviruses (NPEVs) using RD and L20B cell cultures, ii) the PV identification to confirm WPV cases, iii) the differentiation of the three PV serotypes (1-3), WPVs,
Sabin-like PVs and VDPVs by ITD and iv) the shipment of the suspected WPV and VDPV isolates to a WHO Specialized Polio
Laboratory where sequencing of VP1 gene is performed. The timeliness, accuracy and quality of the NRPL are assessed through proficiency testing for laboratory techniques and annual onsite accreditation review [20] .
Indicators of AFP surveillance performance
WHO has established some minimum performance indicators that should be used to ensure that the quality of AFP surveillance is achieved and maintained. In this study, we evaluated the performance of the AFP surveillance system using the following
WHO-specified indicators:
Number of non-polio AFP cases per 100 000 population aged <15 years: This is an indicator of the sensitivity of the AFP surveillance system. The system should be able to detect at least two AFP cases per 100,000 children below the age of 15 years. In the specific case of DRC, with an estimated 43,000,000 less than 15 years, 860 AFP cases a year is the minimum target. 
Results
From January 2008 to December 2014, a total of 13,749 cases of AFP were reported nationwide by the surveillance system in DRC.
Stool specimens originated from all eleven provinces of the country with the minority of them coming from the MANIEMA province (2.8%) and the majority from Province Orientale (16.5%) ( Figure   1 ). The lowest numbers of cumulated cases were recorded in January and February with 6 % and 6.4 % respectively, while the highest number of cumulated cases was observed in July (10.3%) (Figure 2 ). Among the 13,749 AFP cases analysed, the largest proportion (85.2%) involved children under the age of 5 years and about 55% were from males ( Figure 3 . The National Expert Committee classified overall 214 (9.1%) cases with inadequate stool specimens as polio compatible while the remaining 2125 (90.9%) AFP cases with inadequate stool specimens were discarded ( Figure 3 ).
The circulation of WPV has been stopped over the country since 2011 [13] . All WPV cases obtained during the study period were genetically characterized and results from this study showed that the most frequently serotype was WPV type 1 while WPV type 2
were not detected (data not shown Table 2 ).
The WHO defined the target of at least two AFP cases per 100 000 (Table 3) . Two important indicators of AFP surveillance performance were consistently below the minimum standard throughout the study period. Despite the fact that most specimens arrived at the laboratory in good conditions, the proportion of stool specimens arriving at national level within three days of being sent did not reach 15% which is far below the acceptable minimum of 80% (Table 3) . Moreover, the annualized non polio AFP rates that reveal the sensitivity of the system were consistently < 10% throughout the study period (Table 3) .
Discussion
The present study reports the incidence of AFP over seven-year (2008-2014) period in DRC. The performance of AFP surveillance over these years was also evaluated. The age distribution of AFP cases confirmed that low age was a risk factor as previously shown [22] . Accordingly, our results showed that 85.2% of AFP cases occurred in children below five years of age. Similarly, previous studies reported a frequency of 76.3% and 90% among this age
Page number not for citation purposes 5 group in Ghana [23] and in India [24] , respectively. This indicates that though poliomyelitis can affect any age group, children under the age of five years predominantly get affected [10, 25] . Our findings indicate that the majority (55%) of AFP cases involved males. As described in 2008, by D'Errico et al. [26] , the frequency of AFP was found to be consistently higher over the period of study among males than females with the mean incidence rate of 55% and 44.7% for boys and girls, respectively. This can be explained by the fact that there are sex differences in the susceptibility to infectious agents. Generally, males are more prone to develop an infectious disease than females and this may be probably related to genetic differences in immunologic responses [26] .
This study revealed vaccination coverage with at least three OPV doses at 58.9% among AFP cases, which is lower compared to coverage rate found in Ikwa bom state in Nigeria (98.3%) [27] . This phenomenon may be explained by the fact that some parents failed to complete routine immunization (only one or two were given).
Other parents had forgotten the number of OPV their children had . We found higher proportion of children with sudden onset of paralysis (94.7%) and 82.7% of cases had fever at onset which was higher than that reported in 2013 by Sevencan et al [29] , who found 15% of AFP cases with prodromal fever in Turkey.
Regarding the performance of the AFP surveillance in DRC, the findings of the present study mirrors those found previously, from 1997 to 2001 in DRC [30] in that AFP surveillance indicators were maintained above the WHO specified targets. The success of an AFP surveillance system does not only depend on the detection of AFP cases, but also hinges on the investigation and reporting of the cases. Results from DRC's AFP surveillance showed that the country´s overall proportion of adequate stool specimens, during the investigation of AFP cases, was maintained above the WHOspecified national target of at least 80% from 2008 to 2014.
However, the average NPEV isolation rate was consistently below the minimum requirement throughout the study period (Table 2) .
These NPEV isolation rates were lower than the 12% and 17.6% reported in Ghana [23] and Iraq [31] , respectively. This could be explained by the fact that many NPEV strains belonging to the Enterovirus Cspecies cannot be isolated on RD cells. Previous studies showed that the introduction of HEp-2c cell line in the isolation algorithm significantly increases the NPEV isolation rate in tropical settings [32, 33] . Moreover, the timeliness of transportation of the stool specimens is critical for the surveillance system as enteroviruses should survive until the time of analysis for the laboratory to be able to isolate them [34] . According to the WHOspecified national targets for AFP surveillance, at least 80% of stool specimens must arrive at the laboratory within 72 hours of collection [35] [36] [37] . Results from this study reveal that this target remained out of reach throughout the study period. The proportion of specimens that arrived at the laboratory within 72 hours was consistently less than 15% whereas it was expected to be at ?80%. This low performance for specimen's transportation to the laboratory may be due to the big size of the country as well as the lack of good roads in remote areas. This issue could be overcome by setting up subnational polio surveillance laboratories besides the NRPL in 
Conclusion
The AFP surveillance system was efficient over the seven year 
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